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It is extremely doubtful if, in the entire range of recent medical
literature, there can be found a set of articles that contradict one an¬
other more flatly than do those that report the attempts so far made to
learn something concerning the chemical nature and action of the sub¬
stances concerned in the reactions of immunity. After contrasting one
report with another, the product seems to be entirely neutral, or better,
amphoteric, for one's conclusions will depend largely on one's choice of
indicator. He may accept the word of the last disputant, or believe
only the work of those whom he knows, or he may, with considerable
propriety, be skeptical concerning most of the positive results and
claims. Indeed, after a first review of the literature on this subject,
the only hope seems to lie in the thought that "where there is so much
smoke there must be some fire;" but if the work is arranged on a
chronologic basis one gains courage by noting that the earlier hasty at¬
tempts that were made to explain everything in the chemistry of im¬
munity on the basis of very limited experimental studies, are gradually
being replaced by work that shows the intention, as expressed by Buxton
and Teague,1 "to collect data on which, in the future, sound theories can
be built." Nevertheless, even in the most recent literature there is an
abundance of ill-considered, immature speculation.
To illustrate by a typical example, in a publication of the current
year it is recorded that one diphtheria antitoxin horse, which gave a
very potent serum, gradually developed an increase in the globulin con¬
tent of its blood, while another horse, that had a relatively abundant
globulin content in its blood at the start, showed no increase in the glob¬
ulin and little formation of antitoxin. On the basis of these two horses
are proposed numerous theories to the effect that if a horse has normally
a high globulin content in its blood it is unsuitable for the development
of globulin antitoxin, that antitoxin formation is necessarily connected
* Presented in the Symposium on Immunity held by the Section of Physiology
and Experimental Medicine of the American Association for the Advancement of
Science, December. 1907.
1. Ztschr. physikal. Chem., 1907, lvii, 76.
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with a globulin increase, etc., as if these two horses furnished conditions
that would be duplicated by every other horse. Such articles impress
on one the justice of A. E. Taylor's remark, that "in experimental
pathology the results are in inverse proportion to the number of con¬
trols."
In the limited space available for the presentation of this subject it
is impossible to attempt to develop the history of our knowledge, or lack
of knowledge, of the chemistry of each of the phases of immunology;
indeed, I can only attempt to sketch the present status of knowledge in
certain fields as it appears to be of special interest at this time, for al¬
though there is as yet such a scant amount of positive information, there
is no dearth of material in which to look for it.
Probably the fundamental question in the whole field of "immuno-
chemistry" is the chemical nature of toxins, for until we know this we
can only search in the dark for knowledge concerning the other, prob¬
ably more complex, factors in the immunity reactions; yet at the pres¬
ent time there is absolutely nothing definite to be said concerning this
subject. We have very good -reasons for believing that the molecule of
bacterial toxin is smaller than that of the typical proteins, or of the
antitoxins, for toxins diffuse much more rapidly and pass more freely
through dialyzing membranes, yet neither these facts, nor the facts that
strong toxin solutions have been obtained which do not give the usual
protein reactions, can be looked on as conclusive proof that toxins are
not proteins.
To be sure, this view has received considerable credence, but it is by
no means finally established. One of the main supports of the view
that toxins are not proteins lies in the statements by Jacoby that the
active constituent of ricin can be obtained free from protein; however,
the careful studies of Osborne, Mendel and Harris2 show that such a
separation can not be made, for although they isolated the toxic sub¬
stance in such purity that .001 of a milligram was fatal per kilo to
rabbits, it still contained proteins. This work illustrates the reason
for the failure of all our attempts to obtain the toxins, and the other
substances participating in immunity reactions, in pure condition, viz.,
that they are so very potent that even the most active fluids with which
we are familiar contain them in such minute quantities that thev are
far beyond the reach of chemical methods, especially as proteins and
other complex substances are always present.
Take, for example, the cobra lecithid isolated by Kyes. Here is a
most active compound of a toxin with a known chemical substance of
2. Amer. Jour. Physiol., 1905, xiv, 259.
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fairly well-established composition and properties, which would seem to
give us an opportunity to pin down a toxin for analysis; yet when the
cobra lecithid is analyzed the figures for the elementary composition
agree within the reasonable limits of analytic error with those for
monostearyl lecithin alone.3 In other words, an amount of the hemolytic
constituent of cobra venom that is sufficient, when combined with
lecithin, to destroy enormous quantities of red cells, is not sufficient in
amount, in proportion to the amount of lecithin with which it is com¬
bined, to produce any appreciable modification of the analytical figures
of the lecithin.
In view of these facts, the fatuity of much of the work that has
been done in the attempt to localize the antitoxic constituent of horse
serum must be apparent. Indeed, there are few phases of the subject of
immuno-chemistry more full of contradiction than this one of the rela¬
tions of the globulins to the antitoxins.4· 5· ß The amount of globulin
in the blood, and the proportion of the total proteins of the blood that
it constitutes, depend on too many factors to permit of their being
brought into line with the antitoxin content. It has been found that
feeding and starvation modify the globulin ratio of the blood, as do
also infection and cachexia, and Bolognesi7 believes that infecting bac¬
teria may cause a direct change of serum albumin to a serum globulin.
In general any change observed in the ratio of the blood proteins of
experimental animals, whatever the cause may be, is either relatively
or absolutely in favor of the globulins. Even in far less subtle problems
than those of immunology, determinations of blood globulins have been
found to be altogether unreliable. To illustrate : In the regeneration
of the blood after hemorrhages Baumann8 found that the albumin in¬
creases faster than the globulin, while other observers have found just
the opposite relation. It is certain, therefore, that to attempt to corre¬
late with the antitoxin production the proportion of globulin in an anti¬
toxin horse which is suffering from repeated bleedings, local infections,
systemic intoxication, and often also from general decrepitude and senil¬
ity, is an impossible proposition.
This statement is not intended to reflect on the very valuable work
that has been done in separating the antitoxin containing globulins of
antitoxic sera from the other proteins. These studies have shown con-
3. Kyes: Biochem. Ztschr., 1907, iv, 99.
4. Glaessner: Ztschr. exper. Path. u. Ther., 1906, ii, 154.
5. Gibson: Jour. Biol. Chem., 1906, ii, 14; 1907, iii, 253.
6. Ledingham: Jour, of Hyg., 1907, vii, 65.
7. Biochem. Ztschr., 1907, vi. 149.
8. Jour, of Physiol., 1903, xxix, 18.
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clusively that the antitoxin is actually bound in some way to the glob¬
ulins, if it is not itself a globulin, for were its precipitation merely
a mechanical dragging down, it would certainly come down with the
proteins that are thrown out of the serum before the globulins begin
to be precipitated. It is noteworthy that the separation by Pick of anti¬
bodies of various kinds and origins in the different globulin fractions
has entirely failed of corroboration by Gibson.9
The fallacy of making positive conclusions in any work of this kind
is shown by Gibson's statement that absolutely constant results can not
always be obtained on successive repetition of the work.10 This inability
to secure checking results is a common experience in nearly all phases
of immunity work, and yet with how much ease have many writers dis¬
regarded these failures and drawn conclusions without seeking for suf¬
ficient controls !
We may frankly admit, therefore, that we know nothing more def¬
inite concerning the nature of the antitoxin than we do of the nature of
the toxin, except that we have very good reason to believe that its mole¬
cule is larger than that of the toxin, and there is much less opposition
against holding that it is a protein. Antitoxins diffuse and dialyze
much more slo\vly than do toxins; they seem to be destroyed by proteo-
lytic enzymes, to behave in general like colloids, and in nearly all their
properties they seem to be closely related to the serum globulins with
which they are found associated, v. Behring11 has also brought for¬
ward an interesting bit of evidence in favor of the protein nature of
antitoxin, to the effect that antibodies do dialyze a very little, and that
the diffusate may contain antitoxin, although it seems to be free from
proteins, according to the usual chemical reactions. Ultramicroscopio
studies, however, showed that proteins were present in such solutions,
and that they varied in amount in direct proportion to the antitoxic
action of the solution. This observation must be considered in connec¬
tion with what has been previously stated concerning the failure to detect
proteins by chemical reactions in solutions containing active ricin, be¬
cause the delicacy of the chemical reactions is far below that of the
biologic reactions.
Another point that bears on this subject, if we accept Ehrlich 's
theory that the antitoxins are identical with the receptors of the cells,
is the observation that the tetanophile receptors of nervous tissue seem
9. Jour. Biol. Chem., 1907, iii, 233.
10. Proc. Soc. Exper. Med. and Biol., 1907, iv, 16.
11. Beitr. z. exper. Therap., 1905, x, 22.
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to be destroyed by autolysis, at least the power to bind tetanus toxin
is lost during this process.12 Wolff-Eisner and Eosenbaum13 found,
however, that antitoxic serum itself is not affected by autolysis, which
they ascribe to a difference between free and attached receptors, but
which might, with equal propriety, be urged against the usual view that
these substances are one and the same. However, the technical diffi¬
culties in these experiments present so many sources of error that one
can not lay great weight on isolated observations.
As to the nature of the reaction between toxin and antitoxin, one
would, indeed, be foolhardy who would attempt to decide even for him¬
self the question that is now being disputed so vigorously, if not bit¬
terly, between the schools of Ehrlich, Bordet and Arrhenius; but it is
at least interesting to observe how many facts that are brought for¬
ward can be interpreted with equal facility in favor of either the ab¬
sorption or the chemical union hypothesis. It would seem that the
fundamental difficulty lies in the fact that the line has not yet been
drawn between absorption phenomena and chemical reaction, even by
the physical chemists working with simple substances of known compo¬
sition; therefore, how premature it is to attempt to decide the very
same question with mixtures of absolutely unknown nature and of
extreme complexity !
The application of physical chemistry to this question by Arrhenius
has shown at least one thing which has been seriously neglected in
many studies, namely, the failure of toxin and antitoxin to unite com¬
pletely with one another in the usual toxin-antitoxin mixtures. Field
and Teague's interesting and important observations14 on the migration
of both toxins and antitoxins, and, for that matter, of practically all
the other participants of immune reactions,15 toward the cathode, does
not point against the view that chemical reaction occurs between toxin
and antitoxin, as these observations suggest. By no means all chemical
reactions are between ions of opposite electric charges; indeed, in or¬
ganic chemistry, and especially in biologic chemistry, the reactions gen¬
erally concern non-ionic molecules.16 We must appreciate that disso¬
ciation does not always mean ionization, and in organic chemistry the
12. Marie and Tiffenau (Compt. Rend. Soc. Biol., 1907, lxii, 1187) found that
papain sets tetanus toxin free from brain tissue to which it has been bound.
13. Beri. klin. W'chnschr., 1906, xliii, 945.
14. Jour. Exper. Med., 1907, ix, 86 and 222.
15. Teague and Buxton: Jour. Exper. Med., 1907, ix, 254.
16. Bechhold (Munch, med. Wchnschr., 1907, liv, 1921) who confirms the re¬
sults of Field and Teague, has also called attention to examples of interaction of
inorganic substances of similar charges.
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dissociation of inert molecules into chemically active molecules is a fre¬
quent observation.
This peculiarity of organic compounds is probably to be explained
by the assumption now receiving favor among organic chemists, that
the valences of the carbon atom are not all alike, but that they occur in
pairs of opposite nature, thus 4—c—\~ ; consequently, an organic mole¬
cule can and does dissociate in such a way as to leave free two bonds,
one of which is positively charged and the other negatively charged. As,
for example, in the dissociation of ethyl alcohol, which is believed to
+
take place as follows: ch3cHoOH-> ch:,ch +h2o. Such a dis-
sociated molecule is electrically neutral because of the opposite charges
of the free valences, and, therefore, does not conduct electricity, and
is not an ion, but it is tremendously active chemically. It is believed
by Nef, and he has brought out an enormous amount of evidence to
support his views, that it is this sort of dissociation that occurs in by
far the greater number of interactions between organic substances, as
well as in the action of enzymes. It would seem to be perfectly pos¬
sible that large colloidal molecules, such as the proteins, may possess
groups that ionize and impart electrical charges to the molecule as a
whole, while, at the same time, reaction may occur between similarly
charged molecules on account of the presence of such chemically active
dissociated molecules, as Nef has described.
One can not refer to the application of physical chemistry to im¬
munology without considering the recently published book of Arrhenius,
which contains nearly all that has been done on this side of immuno-
chemistry. The services of Arrhenius to physical chemistry have been
so great, and the value of his work in this field is so unquestionable, that
his views on the subject of immuno-chemistry must receive most careful
consideration. Nevertheless, after reviewing this and other publications
on the same topic, one can not fail to arrive at the conclusion that there
is an irreconcilable difference between the exact methods of physical
chemistry and the uncertain materials of immunology. Certainly one
must admit that there have been numerous and serious errors in the
work mentioned, and that there is a sound basis for Manwaring's17
claim that we can not at this time apply the methods of physical chem¬
istry to the study of serum pathology.
A number of the specific errors of Arrhenius's work have been
17. Jour. Biol. Chem., 1906, i, 213; Jour. Infect. Diseases, 1907, iv, 219.
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pointed out by Michaelis,18 among them being the following: First,
in immunology we are probably dealing with colloids, of the type known
as hydrophile in contradistinction to those that are more of the nature
of suspensions. In solutions of colloids of this type the finest subdi¬
visions do not consist of single molecules, or very small, and constant
groups of molecules, as is the case with simple solutions, but rather
they are collected into aggregates of most uncertain and irregular size.
This concept of the colloid solutions is disregarded by Arrhenius, who
treats them as if they were true solutions. Therefore, when he speaks
of two molcules of bound agglutinin being formed from three mole¬
cules of the free agglutinin, as is indicated by the equation derived from
his experimental figures, he is probably not dealing with any such change
at all, but rather with different sized aggregations of colloidal par¬
ticles. It may be noted in this connection that Gibson obtained results
in certain of his work with fractionation of antitoxins that suggested a
variation in "the size or condition of aggregation of the colloidal globu¬
lin particles."19
Another case in error is shown by Michaelis, in that Arrhenius de¬
velops an equation for the precipitin reaction which indicates that it
is similar to the precipitation of calcium from the solution of hydrate
by C02, in which an excess of the precipitant redissolves the precipitate.
In order to do this he must assume that the precipitin and the precipi¬
tate unite in definite quantities, one equivalent of precipitable substance
uniting with one equivalent of precipitin to form one unit of the precip¬
itate. This assumption is founded on the idea that the precipitate is
of constant composition, which is altogether in contradiction to the facts.
It is well known, and can positively be demonstrated, that the propor¬
tion of precipitin and precipitable substance in the precipitate vary
within the widest ranges, and by no means according to the law of mul¬
tiple proportions.20 Furthermore, the precipitin and precipitable sub¬
stance probably do not ordinarily unite with each other in anything like
equivalent amounts, for it is well known that the precipitate is formed
almost entirely from the constituents of the solution containing the pre¬
cipitin, so that the term "precipitable substance," as ordinarily used, is
altogether misleading.21
And, again, even if it were not common to the experience of every
immunologist that many reactions fail to give duplicate results when
18. Folia Hematologica, 1907, iv, 225; Die Bindungsgesetze von Toxin und Anti¬
toxin, Berlin, Gebr. Bornträger, 1905.
19. Banzhaf and Gibson: Jour. Biol. Chem., 1907, iii, 263.
20. Fleischmann and Michaelis: Biochem. Ztschr., 1907, iii, 425.
21. Moll: Ztschr. exp. Path. u. Therap., 1906, iii, 325.
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repeated under nearly as possible the same conditions, we must admit
the impossibility of any accurate quantitative measurements of the sub¬
stances used in the immune reactions, or of the products of the reac¬
tion; but to prove the applicability of a law in physical chemistry cor-
roboration by most exact analyses is necessary, and this is obviously im¬
possible by the methods of serum pathology, which, at best, give but
approximate results. Also, according to Manwaring,22 the mistake has
been made in applying the law of mass action to the phenomena of neu¬
tralization of toxin by antitoxin, and of lysins by antilysins, of neglect¬
ing to allow for the presence of free products of dissociation of the
hypothetic compounds. The explanation of the so-called "Danysz phe¬
nomenon" in toxin-antitoxin neutralization, which has been adopted
by Arrhenius and Madsen, who attempt to consider it on the basis of
chemical reactions, is criticized by Craw,23 who points out certain
striking similarities to certain well-known absorption phenomena, For
example, several pieces of paper added to a given amount of dye solution
will take up more of the dye than will an equal amount of paper added
at one time.24 And, finally, and perhaps the most important of all, the
physico-chemical explanations fail utterly when we come to consider
the exquisite specificity of many of the reactions of immunology. It is
interesting to notice the abrupt way in which Arrhenius dismisses this
all-important feature, practically without consideration.
Even with the precipitin and agglutination reactions, which un¬
doubtedly give the closest analogies to the processes of physical chem¬
istry, the question of specificity stands up as a sphinx-like obstacle that
has so far not been passed. Interesting observations have been made by
Ivesco25 on the precipitation of colloids of one electrical charge by col¬
loids of the opposite charge, and Field and Teague20 found that, while
bacteria go toward the anode in the electrical stream, the agglutinins go
toward the cathode, indicating that this reaction may be similar to the
precipitation of oppositely charged colloids. But how is the specificity to
be explained? Positively charged typhoid agglutinins agglutinate and
precipitate negatively charged typhoid bacilli, but do not agglutinate
cholera vibrios or colon and dysentery bacilli which are likewise nega¬
tively charged !
Nevertheless, the process of agglutination shows extensive resem¬
blances to many physico-chemical reactions, especially brought out by
22. Jour. Infect. Dis., 1907, iii, 638.
23. Jour, of Hygiene, 1907, vii, 501.
24. Bayliss: Biochem. Jour., 1906, i, 221.
25. Compt. Rend. Soc. Biol., 1906, lxi, several articles.
26. Jour, exper. Med., 1907, ix, 222.
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Bordet's early work, which showed that agglutination of bacteria by
specific sera would not occur unless electrolytes were present. In other
words, after bacteria have once been sensitized by agglutinin, they obey
the same physical laws as the inorganic colloidal suspensions, which
are characterized by being precipitated by the addition of traces of
electrolytes. Possibly agglutinin makes the bacteria permeable for the
electrolytes. According to Bechhold,2T bacteria that have been sensitized
by agglutinin are agglutinated half way between the poles of an electric
current, this agreeing with the observations of Field and Teague that
the bacteria and the agglutinin have opposite charges, which implies that
the agglutinin-bacteria compound may be electrically neutral or ampho-
teric. As Xeisser and Friedmann28 say, bacteria and agglutinin behave
like colloidal suspensions of opposite charges which form electrically
amphoteric colloidal suspensions that are precipitated by ions of elec¬
trolytes, which discharge them unequally and cause flocking and pre¬
cipitation. In their properties, especially in their relation to digestive
enzymes, the agglutinins seem to be closely related to the serum globu¬
lins, with which they are always found in fractional precipitation of
blood proteins.
The precipitins have aroused particular interest from the stand¬
point of chemistry, for they afford such a wonderfully delicate method
of differentiating proteins that seem by all other methods to be identical ;
and this specificity has emphasized, as nothing else could, the absolutely
individual nature of the proteins of the most closely related species and
races, and even of members of the same species. On what part of the
protein molecule this specificity depends is of the greatest biologic in¬
terest, especially now that Kossel and Fischer have given us an insight
into the structure of this molecule, and a start on this problem has
been made by Obermayer and Pick.29 Their results suggest that the
aromatic groups of the molecule are most closely related to the species
specificity.
When the aromatic radicals of a protein are combined with various
substances the protein loses the power to produce precipitins of such
closely limited specificity for the original species, while retaining the
property of producing precipitins with a wider range of action, in that
they precipitate proteins coming from more than one species. This indi¬
cates that the striking specificity of proteins of different species depends
on the aromatic groups of the protein molecule, and Vaughan has found
27. Ztschr. physikal. Chem., 1904, xlviii, 385.
28. Munch, med. Wchnschr., 1904, li, 465 and 827.
29. Wien. klin. Wchnschr., 1906, xix, 327.
Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 06/02/2015
H. GIDEON WELLS. 211
evidence that the toxicity of the proteins depends on these same groups.
Fleischmann30 also found that tryptic digestion destroys this character¬
istic species specificity. It is interesting to consider that although the
precipitin reaction itself so closely resembles the precipitation of one
colloid by another of opposite charge, precipitins can not be produced
for colloids other than proteins.
It is in the study of hemolysis, however, that the greatest amount
of chemical investigation has been done, for many reasons. In the
first place the simple chemical hemolytic agents had been known for a
long time when the immune hemolysins were first detected, and natur¬
ally every attempt was made to bring the unknown agents into compari¬
son with the known. Again, the similarity of hemolysis to the all-
important processes of bacteriolysis made the more easily studied hemo¬
lytic processes the object of intense interest and activity.
The results of the studies of hemolysis have, from the chemical
standpoint, led particularly to the development of an understanding of
the importance of fats and lipoids in the immune processes. This de¬
velopment really originated in the observations of Hans Meyer and of
Overton, which had disclosed the important influence exerted by the cell
lipoids on the entrance of anesthetics into the cells, and the resulting
physiologic action of the anesthetics. Shortly after Ransom (1901)
found that the normal power of serum to decrease or inhibit the hemo¬
lytic power of saponin depended on the cholesterin that the serum con¬
tains, and thus introduced for the first time a definite substance as, in a
sense, an antibody. Since then it has been found that cholesterin pos¬
sesses more or less inhibiting power against a great variety of hemolytic
agents, including not only the glucosides, but also simple chemicals, such
as bichlorid of mercury, the hemolytic constituent of certain bacterial
products, including especially tetanolysin, and of various organ extracts.
Kyes brought the action of complement into the same province whenhe demonstrated that lecithin acted as a most active complementing sub¬
stance for the hemolytic constituent of cobra venom, and found a method
of isolating an active amboceptor-complement compound in at least ap¬proximate chemical purity. His further studies31 of this compoundhave demonstrated that the union of amboceptor and complement is
chemical, at least in this case, for during the reaction between cobra
venom and lecithin free fatty acids are split out of the lecithin molecule ;in the completely saturated lecithid, however, the amount of venom con¬
stituent is so minute in proportion to the amount of lecithin radicals.
30. Ztschr. klin. Med., 1906, lix, 515.
31. Biochem. Ztschr., 1907, iv, 99.
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with which it is combined, that the figures for the elementary analysis of
the compound do not differ appreciably from those of monostearyl
lecithin itself. Other compounds are also formed in which the propor¬
tion of lecithin is not so great, and analysis of these "incomplete
lecithids" may possibly throw some light on the nature of the venom
component.
It is interesting to note that the presence of even a small amount of
lecithin, combined with, the hemolytic amboceptor, renders the latter in¬
capable of combining with antivenin. The molecular weight of the com¬
plete lecithid is between 2,000 and 3,000, and as lecithin has a molecular
weight of only about 500, it would seem that several molecules are united
in this compound. Teruuchi32 has made the interesting observation that
an active mixture of pancreatic juice and succus entericus, which digests
both proteins and lecithin, will not attack the cobra lecithid compound.
Morgenroth and Carpi33 also found that pepsin does not destroy the
cobra lecithid, although it does attack the hemolytic constituent of un¬
treated venom.
Kecently the observations concerning the relations of lipoids to hem-
olysis have been frequent and numerous, von Eisler34 found evidence
that the inhibiting cholesterin of the serum is probably for the most
part bound to the proteins, and that cholesterin esters do not have this
property of inhibition. Neuberg35·36 has found that lipolytic substances
have very considerable hemolytic powers, and, conversely, that the bac¬
terial, animal, and vegetable hemolysins are lipolytic, or at least that
the fluids in which they are contained also contain lipolytic substances.
Pascucci37 demonstrated by studies of artificial lipoid membranes that
the hemolytic influence of the saponins depends on the lipoids in the
membranes of the red corpuscles. Morgenroth and Beicher38 have shown
that cholesterin given by mouth will decrease the amount of anemia pro¬
duced by cobra-lecithin and suggest the use of cholesterin as a therapeutic
agent against toxic anemias.
Woelfel39 found alcohol-soluble hemolytic substances in blood serum,
and other investigators have found that alcoholic extracts of various or-
32. Ztschr. physiol. Chem., 1907, li, 478.
33. Biochem. Ztschr., 1907, iv, 248.
34. Ztschr. f. exp. Path. u. Ther., 1906, iii, 296.
35. Neuberg and Rosenberg: Beri. klin. Wchnschr., 1907, xliv, 54.
36. Neuberg and Reicher: Biochem. Ztschr., 1907, iv, 281; Miinch. med.
Wchnschr., 1907, liv, 1725.
37. Hofmeister's Beitr., 1905, vi, 543 and 552.
38. Beri. klin. Wchnschr., 1907, xliv, 1200.
39. Jour. Infect. Dis., 1905, ii, 97.
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gans and tissues are hemolytic. Friedmann*0 and Wohlgemuth41 have
found that pancreatic juice contains a hemolysin that has properties
similar to an ordinary hemolytic amboceptor, in that it may be acti¬
vated by lecithin, and a similar hemolysin is also present in the pan¬
creas itself (Noguchi42). In many of these cases, as with the action of
lipase and fatty acids described by Noguchi, the hemolytic action prob¬
ably depends on the formation of free fatty acids, which are themselves
strongly hemolytic. Finally Noguchi43·44 has found that the soaps ex¬
tracted from serum and tissues, when mixed with serum itself, have
properties that in many respects resemble the complements. Indeed, he
finds many resemblances to complements in all substances of this class,
so that he suggests the possibility that at least certain serum and cellular
complements may actually be salts of the higher fatty acids with weak
organic bases. This suggestion may be related to the observation of
Hektoen4·"' that complement may be inactivated by the action of barium,
calcium, strontium and magnesium ions, which are all précipitants of
fatty acids.
The inhibitive action of normal serum on immunity reactions and
allied processes is by no means limited to the inhibition of saponin hemo¬
lysis by cholesterin. Enzyme reactions are notoriously inhibited by nor¬
mal serum, and the presence of large quantities of serum is of similar
influence in other processes. These effects are not all due to cholesterin,
and it is generally assumed that the proteins are the chief inhibitive
agent, while the presence of anti-enzymes, anti-complements, anti-im¬
mune bodies, etc., in normal serum, seems to be generally accepted, these
various anti-substances being supposed to be in some cases specific and
in more cases not specific.
There is one highly important property of normal serum, and as it
does not seem to have been taken into consideration as yet by any of the
writers on immunology, I may refer to it at this time. This is the re¬
markable property of the blood serum to suppress ionization. It has
been well established by physical and chemical measurements that the
blood is not alkaline under ordinary circumstances, and it probably never
is either actually appreciably alkaline or acid under any conditions what¬
ever during life, for the occurrence of anything but a neutral reaction
would certainly terminate life at once. Acidity and alkalinity are not
40. Deutsche med. Wchnschr., 1907, xxx, 585.
4L Biochem. Ztschr., 1907, iv, 271.
42. Biochem. Ztschr., 1907, vi, 185.
43. Jour. Exp. Med., 1907, ix, 436.
44. Biochem. Ztschr., 1907, vi, 327.
45. Trans. Chicago Path. Soc, 1903,  , 303.
Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 06/02/2015
274 CHEMISTRY OF IMMUNIZATION.
matters of color reactions with indicators, as has been too commonly
assumed, but these terms indicate the presence of an excess of either
hydroxyl or hydrogen ions in a solution, which ions affect our indicators
variously, according to the chemical nature of the indicator used. It is
impossible, at this time, to go into the proofs of these statements, and
I can only explain to the extent of saying that the composition of the
blood is, with apparent purposefulness, so ordered that neither free hydro¬
gen ions nor free hydroxyl ions can exist in the blood in excess of the
other to any appreciable amount; the blood is really almost quite as neu¬
tral as pure water, in which the few hydrogen and hydroxyl ions balance
one another. Henderson and Black46 estimate that the amount of either
hydrogen or hydroxyl ions free in excess in the protoplasm is not over
five parts in 10,000,000,000.
This condition of neutrality is maintained, in spite of the diversified
chemical processes of the body which constantly tend to produce either
acidity or alkalinity, through the action of at least three sets of serum
constituents, namely, the carbonates, the phosphates and the proteins.
The carbonates and the phosphates owe their property of suppressing
ionization to the readiness with which they take up free ions of either
hydrogen or alkali metals, and pass into compounds that have a greater
or less number of hydrogen ions, but that do not dissociate readily to
liberate these ions, namely, the mono, di and tribasic phosphates and
the mono and dicarbonates. The proteins play a similar rôle because of
their ability to bind either positive or negative ions and to form com¬
pounds with them that dissociate but little.47
As far as the action of enzymes is concerned, we have good reason to
believe that the presence of free ions is necessary, or is at least favorable,
for speed of reaction. Note, for instance, the importance of free hydro¬
gen ions for the action of pepsin and of the autolytic enzymes, and of
hydroxyl ions for trypsin. Of course, in the reactions of immunity we
do not know whether or not ionization is an essential accompaniment,
but we have excellent comparative grounds for believing that it is, since
even in the case of the interaction of non-ionic active organic molecules
the necessary dissociation of the molecule seems to be favored by the
action of free ions, especially hydrogen and hydroxyl ions. May not this
power of suppressing ionization, that is possessed by serum, be of im¬
portance in the phenomena of inhibition exhibited by normal serum
against the reactions of immunity? I have already found reasons for
46. Amer. Jour. Physiol., 1907, xviii, 250.
47. An excellent discussion of this topic is given by Moore et al., Biochem.
Jour., 1906, i, 285-295.
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believing that it is a factor to be reckoned with in the inhibitive action
of normal serum on autolytic enzymes, and would suggest that it receive
consideration by those who are studying other phenomena that occur in
the presence of blood serum. I may mention that this inhibitive power
of the blood is very limited in amount, for the small quantity of car¬
bonates and phosphates is soon saturated, and so a large excess of serum
is necessary to check any process by which either free hydrogen or hy¬
droxyl ions are being liberated. For example, in the autolysis of exú¬
dales, as studied by Opie, the autolysis is held in check only in the pres¬
ence of a very large excess of serum. If the amount of serum is small
the inhibitive action is only temporary.
One can not conclude without at least referring to the recent develop¬
ments along the line of immunization against non-protein compounds.
Although earlier investigators sought for immune bodies in the serum to
account for the increased resistance against arsenic, morphin and similar
poisons, yet the results were all negative, except for a few incorrect claims
of immune sera against morphin. So constant were all these failures
that at last it came to be accepted as a settled fact that no immune body
could be obtained, except for proteins, or at least very closely related
substances in case toxins and enzymes were found to be non-protein. To
be sure, Kobert found a slight increase in the inhibitive action of the
serum of animals immunized to saponin, which was ascribed to an in¬
crease in the cholesterin of the blood, perhaps derived from the excessive
hemolysis that the saponin had produced, but even this modest result has
not been fully confirmed.
More recently certain French authors48 have described the develop¬
ment in animals immunized to bile or bile salts, of a slight degree of
protective power in the serum, but Bermbach49 controverts this claim.
Champy50 also claims to have obtained by repeated injections of the potas¬
sium salt of cantharadin, in 3-7 mg. doses into rabbits, a serum which
in 20 c.c. doses protects against 1 mg. of the cantharadin, but not against
2 mg. One would hardly speak of this as immunizing ! Ford,51 however,
has found that 1 c.c. of serum from a guinea-pig immunized against an
aqueous extract of Amanita phalloïdes neutralizes from five to eight
times the lethal dose of this extract, the active principle of which is a
glucoside. He has also secured an antitoxic serum against the active
principle of Eli us toxicodendron, which is also a glucoside, with about
48. Nieolle: Ann. Inst. Pasteur, 1907, xxi, 26.
49. Pflüger's Archiv., 1907, cxviii, 205.
50. Jour. d. Phys. et Path, gen., 1907, ix, 807.
51. Jour. Infect. Dis., 1907, iv. 541.
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the same degree of efficiency as shown by the serum against Amanita.
Further studies from this source will be awaited with great interest, es¬
pecially since so many unsuccessful attempts have previously been made
to secure antisera for the hemolytic glucosides of the saponin group. It,
will be noticed that the degree of activity of these immune serums does
not compare with that obtained against the true toxins of more complex
nature.
In this connection may be mentioned the very striking and funda¬
mental difference that exists between the defense of the body against the
poisons of the toxin class and those of simpler chemical structure. Be¬
sides the quantitative difference in favor of the immunity against the
complex toxins, and the failure of acquirement by the serum of the power
of neutralizing or binding the simple poisons, we note also the entire
lack of purposeful development of special substances to meet a special
condition. Nearly all the simple poisons are inhibited or rendered inac¬
tive, to a greater or less extent, in one way or another, after they enter
the body, but the substances that accomplish this do it in a casual way.
These substances which bind or neutralize the poisons are, for the most
part, themselves simple constituents of the body or products of its nor¬
mal metabolism, e. g., sulphates, glycocoll, bile acids, glycuronic acid,
ammonium salts, etc., which happen to have binding power for one or
more of the poisons. If these poisons enter the body they combine with
the neutralizing substance as far as the amount of this suffices, which
is generally very incompletely. There does not follow, however, any evi¬
dent increase in the amount of this protective substance, and the excess
of poison acts unhindered. There is no such special adaptation to meet
a pathologic condition as occurs in infections, and hence there is no re¬
sistance against simple poisons, even in the most extreme cases of drug
habituation, that compares with the resistance to such diseases as small¬
pox, scarlet fever, etc.
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